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Abstract. Fractals are characterized by it’s fractional dimension. Many of natural
fractal objects can be found in nature and also made by hand, such as fractals
material of fiber that obtained by squeezing a sheet of paper, that called crumpled
paper. In this paper, the dimension of crumpled paper is calculated by fractals mass,
Hausdorff and Topology dimension concepts, to show the value of the dimensions
in fractional form. The calculation results show that the dimension of crumpled
paper with fractals mass concept are 2, 56 < D < 2, 65 for HVS paper and 2, 32 <
D < 2, 60 for the newspaper paper. Furthermore, by using Hausdorff concept the
dimension of crumpled papers are 2, 19 < D < 2, 68 for HVS and 2, 26 < D < 2, 40
for newspaper paper. In this study, the Hausdorff dimension becomes the dimension
of crumpled paper based on Benoit B. Mandelbrot concept.
1. INTRODUCTION
Fractals is a branch of Mathematical sciences associated with the objects
that have self similarity properties. The terms of fractals come from Latin,
fractus that means broken, damaged or irregular [1]. Fractals are character-
ized by the fractional dimension, in contrast with Euclidean concept that is
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in integer dimension. Many structures found in nature are as natural frac-
tal objects, such as cauliflower, ferns, stalactites, clouds and so on. On the
other hand, fractals can also be created by hand (crumpled paper) and also
by some softwares. This paper studies about the non integer dimension of
hand made fractals from crumpled papers, with deal to the assumption that
the crumpled paper is a two dimension object (papers) into three dimension
object (paper balls).
2. THEORY OF FRACTALS
In the end of 19th century, various set of strange and odd points in Euclidean
fields appear in Mathematics. By the discovery of Cantor set of dust which
is not a zero dimension object (dot) or one dimension (line) and Koch curve
which does not have non integer dimensions (not a line or plane, but between
of both) the puzzle of strange and odd set of points began to unfold. The
answer of the puzzle also prove that notion of integer dimension in Euclidean
field is not enough.
The term Fractal is made by Benoit B. Mandelbrot for some objects
with different value of Hausdorff (d(H)) and Topology dimension (DT ). The
specification for the set is d(H) > DT . Fractal is a subset of a set [2]. It also
can be called as rearrangements of identical components in a large number.
In general, there are two properties of fractal, namely self similarity of
all sizes (finite or infinite amount) and the fractional or non integer dimen-
sions.
Fractals can be grouped into two categories as follows:
1. Based on the definition or the manufacturing concept. For examples,
the objects that are manufactured during pre fractal by using the
concept of iteration function. Crumpled paper is the example of mass
fractals that is made by using manufacturing concept.
2. Based on self similarity concept, both strongly similarities (the pattern
produced by some softwares) or weakly similarities (in natural object
of fractals, there is a copies of fractals which is difference from the
intact) can be found a copy of itself in the subset.
Dimension can be conceived as a measure number of reviewed points.
This mathematical concept seems unusual that helps to labeling value 0, 1,
2, and 3 for objects such as dot, line, plane and space that discussed only in
Euclidean concept. This labeling is based on amount of parameters needed
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to find a point in it. For example, to find a point in the plane be required
2 parameters (x and y).
Fractal can be identified by its non integer dimension. The dimension
of fractal objects can be determined by using some methods, as follows.
1. Box Counting
The formula used for the calculation method of this box is
D(s) =
log(N(s)
log s
(1)
where N(s) specifies the number of box with certain measures s which
contains information about the fractal object and D(s) is the fractal
dimension by box-sized object s.
2. Mass Fractal
The existence of a mass fractal dimension can be determined through
the following formula [3]
m = kRD, (2)
which can be applied to calculate the fractal dimension of mass given
by logarithmic equation :
logm = log k +D logR (3)
where :
m is mass of crumpled fractal
R is linear measure in 1st dimension( for examples
long, width, diameters)
D is fractal dimension
k is a constant, means
fractal mass density of fiber material (crumpled paper)
3. Mandelbrot ideas ( where DH > Dt)
To find DH used :
DH(S) =
ln k
ln 1s
(4)
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where DH(S) represents the Hausdorff dimension of fractal object and
k is the number of subsets after the crumpled paper divided and resized
by the scale factor of s. The value of Dt is 1, because in calculation
process of Topology dimension, the fractal object is initiated into an
image in a plane. In the plane, the fractal objects can be viewed as a
straight line segment, arches and some other shapes.
3. THE DIMENSIONS OF FRACTALS ON PAPERS
This research is an experimental research that applies the formula from
previous section to obtain some information from the data obtained from
the experiment. The research is designed in some steps as follows.
1. Crumpled HVS-sized white paper and newspaper paper that has been
cut to the size of HVS, into a shape that resembles a ball. Each
paper is provided by 4 pieces. It is intended to show the various data
obtained of crumpled paper.
2. Weighing the crumpled paper to know the mass, and measuring the
diameter of the crumpled paper.
3. Cutting folds small spherical (subset) that form on the crumpled of
paper.
4. Applying the concepts of fractal dimension calculations on crumpled
paper
5. Draw conclusions about the dimensions of the crumpled paper.
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4. RESULTS AND DISCUSSIONS
The dimension of crumpled paper are not calculated with box counting con-
cept because for basically, this study just compare the concept of fractal
dimension of mass and Mendelbrot’s idea about dimensions (d(H) > DT ).
4.1 Paper Ball dimension with mass fractals concept
By this concept, the data used is the mass of crumpled paper (as weighing
with an electronic weigher), diameter of crumpled paper (whose diameter
is measured several times then averaged). Mass and diameter of crumpled
paper is the data used to be find the volume and constant (mass per unit
volume) required to calculate the dimensions of the crumpled paper with
fractal dimension of mass concept. These data are shown in Table 1.
Table 1: The data is:
Crumpled Paper The
mass
(gram)
The diameter The
Vol-
ume(cm3)
Constant (k)
HVS 1 5,12 4,40 44,58 0,11
HVS 2 5,17 4,15 37,13 0,13
HVS 3 5,34 4,33 42,19 0,12
HVS 4 5,13 4,67 52,95 0,09
Newspaper 1 4,41 4,33 42,19 0,14
Newspaper 2 4,43 4,55 48,97 0,09
Newspaper 3 4,23 4,18 38,22 0,11
Newspaper 4 4,51 4,49 47,68 0,09
By applying the 3rd formula, the data obtained fractal dimension of
crumpled paper with mass Fractal concepts can be shown in Table 2:
4.2 The dimension of crumpled paper with Mandelbrot’s idea
(D(H) > D(T ))
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Table 2: The Fractal dimension of crumpled paper with Fractal
dimension of mass concept
Crumpled paper Dimension
HVS 1 2,59
HVS 2 2,61
HVS 3 2,56
HVS 4 2,65
Newspaper 1 2,32
Newspaper 2 2,56
Newspaper 3 2,53
Newspaper 4 2,60
Amount of the subset of crumpled paper (the subset is small crumpled
paper which is get by cutting the intact paper ball) and scale factor s (the
ratio between the diameter of the intact crumpled paper with diameter of the
subset/the cutting crumpled paper) is the data required to find Hausdorff
dimension of crumpled paper. The data needed to calculate the dimensions
of the Mandelbrot idea about dimension can be written in Table 3;
Table 3: The data to calculate Hausdorff dimension is
Crumpled pa-
per
Diameter of
crumpled pa-
per
k (The number
of subsets)
Diameter of Sub-
sets)
Scale Factor (s)
HVS 1 4,40 cm 7 2,02 cm 12,17
HVS 2 4,15 cm 6 1,89 cm 12,19
HVS 3 4,33 cm 6 2,21 cm 11,95
HVS 4 4,67 cm 7 1,92 cm 12,43
Koran 1 4,33 cm 5 2,20 cm 11,96
Koran 2 4,55 cm 6 2,16 cm 12,119
Koran 3 4,18 cm 6 1,96 cm 12,13
Koran 4 4,49 cm 6 2,31 cm 12,11
The Data in Table 3 then apply to 4th formula, to obtain the values
of Hausdorff dimension of crumpled paper as shown in Table 4:
Table 4: the Hausdorff dimension of crumpled paper
Crumpled paper Dimension
HVS 1 2,51
HVS 2 2,28
HVS 3 2,68
HVS 4 2,19
Newspaper 1 2,39
Newspaper 2 2,40
Newspaper 3 2,37
Newspaper 4 2,26
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4.3 The Topology Dimension of Crumpled Paper
Topology dimension of fractal curve is based on Mandelbrot’s idea
where DT = 1 for every fractal curve. In this research, the crumpled paper
is initiated as a figure. The figure gives a certain shape (every side of the
curve in this paper initiated as a triangle) and the curve is combination of
amount triangle. This concept be used to know the Topology dimension of
fractal curve in figure of crumpled paper.
4.4 Dimension of Crumpled Paper
Fractal is a set with special specification, that is d(H) > DT . The
results of calculating dimension with mass fractal concept and Mandelbrot
ideas, show that the crumpled paper is clearly fractal object with non integer
dimension. Because d(H) > DT and the dimension among 2 into 3. The
value of Hausdorff dimension is the fractal dimension of crumpled paper.
The mass fractal concept use as a comparing method to show that crumpled
paper clearly have non integer dimension (an assumption that crumpled
paper is the transition between a two dimension into three dimension).
5. CONCLUSION
From the results of the study in the previous chapter, we can conclude
the following :
1. The dimensions of crumpled paper can be shown in the following table;
Table 5: Dimension of crumpled paper
Crumpled paper DMassFractalsconcept D(H) DT
HVS 1 2,59 2,51 1
HVS 2 2,61 2,28 1
HVS 3 2,56 2,68 1
HVS 4 2,65 2,19 1
Newspaper 1 2,32 2,39 1
Newspaper 2 2,56 2,40 1
Newspaper 3 2,53 2,37 1
Newspaper 4 2,60 2,26 1
D(H) is the value of fractal dimension of crumpled paper, appropriate
with Mandelbrot idea’s where D(H) > DT .
2. The dimension of the same kind of paper maybe have dissimilar value,
because there is difference between the number of subset, linear mea-
sure (diameter of crumpled paper) and s (scale factor). But generally,
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the dimension of crumpled paper is non integer, fractional value among
2 and 3 because crumpled paper is a transition object from 2nd di-
mension to 3rd dimension.
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